An earlier experiment using a yes-no procedure with a search accuracy task [A.L. Nagy, G. Thomas, Distractor heterogeneity, attention, and color in visual search tasks, Vision Research, 43 (2003Research, 43 ( ) 1541Research, 43 ( -1552 showed that observers could combine information in different cardinal color mechanisms to facilitate search performance. In the experiments reported here we attempted to replicate these results with a forced-choice procedure and tested three different models of the manner in which information in different feature coding mechanisms is combined. One model was a linear summing model in which signals in different mechanisms are linearly summed in a mechanism under the control of attention. The summed signals are used to guide attention to likely targets. The second model was a nonlinear selection model in which signals in one mechanism are used to select stimuli for attention. A decision is then based on signals generated by the selected stimuli in a mechanism other than the one that is used for selection. The third model was the linear separability model, which suggests that the chromaticity of the target stimulus must be separated from the chromaticities of the distractor stimuli by a straight line in a chromaticity diagram for efficient search. Results favored the nonlinear selection model over the linear summing model and the linear separability model.
Introduction
Early visual search experiments (e.g., Treisman & Gelade, 1980) suggested that observers could attend to information in only one class of feature coding mechanisms when attempting to attend to stimuli at many different locations in the visual field. Subsequent experiments showed that information in different feature coding mechanisms could be combined to facilitate search under some conditions (DÕZmura, Lennie, & Tiana, 1997; Nakayama & Silverman, 1986; Treisman & Sato, 1990; Wolfe, Cave, & Fanzel, 1989) . Several investigators proposed models for the combining of signals in different feature coding mechanisms (e.g., Eckstein, 1998; Treisman & Sato, 1990; Wolfe, 1994) . These models differ in various respects but a feature common to many of them is that signals in different feature coding mechanisms are linearly summed in a mechanism under attentional control. That is the observer can select various different feature coding mechanisms and linearly sum the signals in these mechanisms. The summed signals can then be used to direct attention to likely targets.
An alternative hypothesis that might also explain the results of these experiments is that signals in a feature coding mechanism may be used to segregate or select stimuli for attention (see DÕZmura et al., 1997; Egeth, Virzi, & Garbart, 1984; Friedman-Hill & Wolfe, 1995; Kaptein, Theeuwes, & van der Heijden, 1995; Nakayama & Silverman, 1986; Smallman & Boynton, 1990) . That is, information in one mechanism might be used to select a subset of stimuli for attention while signals from other stimuli are ignored. Signals that are generated by the selected stimuli in a feature coding mechanism other than the mechanism that is used for selection are then used to make a decision about target presence.
With regard to search based on color, several experiments have shown that information in the three independent cardinal color-coding mechanisms (Krauskopf, Williams, & Heely, 1982) believed to code color in the peripheral stages of the visual system can be combined to facilitate search (Bauer, Jolicoeur, & Cowan, 1996a , 1996b DÕZmura, 1991; Nagy, 1999; Nagy & Winterbottom, 2000) . One hypothesis proposed to explain these results is that signals in the cardinal mechanisms are recombined in higher order color mechanisms that are tuned to many directions in color space (DÕZmura, 1991) . There is evidence in support of the higher order color-coding mechanisms from other types of psychophysical studies (DÕZmura & Knobloch, 1998; Krauskopf, 1999; Krausfopf, Williams, Mandler, & Brown, 1986; Zaidi, 2001) and also from physiological studies of color sensitive neurons in the cortex (Kiper, Levitt, & Gegenfurtner, 1999; Lennie, Krauskopf, & Sclar, 1990) . Predictions from this model have been described in terms of a linear separability hypothesis, which is discussed below.
In earlier experiments employing an accuracy search task (Nagy & Thomas, 2003) we found that signals in different cardinal color-coding mechanisms could be combined to facilitate search for a target stimulus. Results from these experiments were consistent with the hypothesis that cardinal directions in color space (Boynton & Kambe, 1980; Derrington, Krauskopf, & Lennie, 1984; Krauskopf et al., 1982) represent independent color-coding mechanisms, but showed that when signals in more than one mechanism provided useful information about the presence or absence of a target, performance was better than when just one mechanism provided useful information. The purpose of the experiments described below was to provide some insight into how information in different color mechanisms is combined to facilitate performance in the search accuracy task. We tried to test the linear summing, linear separability, and the nonlinear selection models that have been discussed above.
The reasoning behind the first two experiments is illustrated in Fig. 1 . The axes in this figure represent excitation levels in different cardinal color mechanisms. The left panel in the figure shows the excitations produced by stimuli presented in a search experiment. The nine X symbols in this graph represent the mean excitations of the distractor stimuli and the filled circle represents the mean excitation of the target stimulus. Suppose that excitations produced by each stimulus in each mechanism are somewhat variable but that the differences between the mean excitations of the nine distractors are much larger than this variability so that the nine distractors are easily discriminable from each other. The target stimulus generates the same mean excitation in mechanism 1 as the distractor stimulus that produces the greatest mean excitation of mechanism 1, but differs from it in the mean excitation it produces in mechanism 2 which is slightly greater than zero. These 10 stimuli are briefly presented in random locations in a display and the observerÕs task is to determine the location of the target with small S increment in chromaticity. Signals in Mechanism 1 cannot be used to determine the location of the target, but these signals can be used to aide detection of the target if the observer knows that the target stimulus produces a high excitation level in mechanism 1. Thus the signals in mechanism 1 can potentially be used to improve performance. Either the linear summing model or the nonlinear selection model would predict that performance in this condition might be better than in a condition in which all of the distractors are uniform and produce the same excitation as the target does in mechanism 1. With uniform distractors the observer must discriminate the signal that the target produces in mechanism 2 from the nine signals produced in mechanism 2 by the distractors. Fig. 1 . Illustration of the arrangement of stimulus chromaticities for testing the linear summing and nonlinear selection models.
According to the linear summing model suggested by Wolfe (1994) , the observer can use signals representing the summed excitations in mechanisms 1 and 2 from each of the stimuli to direct attention to likely targets. Because many of the distractors produce quite small mean signals in mechanism 1 and an average signal of zero in mechanism 2 the summed signals from those distractors would be much smaller than the summed signals from the target and the one distractor that produces the largest mechanism 1 excitation. As a result summed signals from distractors that produce small signals in mechanism 1 would not be confusable with the summed signal from the target. If the differences in mechanism 1 excitation are large enough, only the distractor that produces the largest excitation in mechanism 1 would produce a summed signal that would be confusable with the summed signal from the target. Thus if observers can use linear sums of signals in different feature coding mechanisms to direct attention to the target stimulus and the most similar distractor (the two stimuli that produce the largest summed signals) we might expect performance to be better in the condition illustrated in the left panel of Fig. 1 than in a condition in which all of the distractors produce the same mechanism 1 excitation as the target, because the observer needs only to attend to mechanism 2 signals from these two stimuli rather than signals from all 10 stimuli (For discussions of how threshold increases with the number of stimuli attended or the number of signals involved in the decision process, see Graham (1989, pp. 254-257) and Palmer, Aimes, & Lindsay (1993) ).
According to the nonlinear selection model the observer might use signals in mechanism 1, which are easily discriminable, to select a subset of potential target stimuli. For the condition illustrated in the left panel of Fig. 1 the observer might use signals in mechanism 1 to select the two stimuli that produce the largest signals in this mechanism, and then try to determine which of these two stimuli produces the largest signal in mechanism 2. If the selection is accurate, we might expect performance to be better in the condition illustrated in the left panel of Fig. 1 than in a condition in which all 10 stimuli share the same mechanism 1 excitation as the target and the observer must attend to signals in mechanism 2 from all 10 stimuli, because only two 2 signals from mechanism 2 are involved in the decision process rather than 10 signals.
A second experiment is illustrated in the right panel. The same set of nine distractor stimuli is presented in this experiment and the target again differs from the distractors in the excitation it produces in mechanism 2, but the target now produces the same excitation in mechanism 1 as a distractor in the middle of the range of excitations produced in mechanism 1. The use of a linear sum of the signals in mechanisms 1 and 2 would be of little help in directing attention to likely targets in this experiment because the target would produce a summed signal in the middle of the range of summed signals from the distractors rather than one of the largest summed signals. Thus we might expect that the observer would abandon the use of the summed signals to direct attention to likely targets and just attend to signals in mechanism 2 from all 10 stimuli. Consequently, performance in this condition might be similar to performance in a condition in which all of the distractors are uniform and produce the same excitation in mechanism 1 as the target.
However according to the nonlinear selection model, if the excitations in mechanism 1 differ enough so that the stimuli are clearly discriminable, the observer might be able to select efficiently the two stimuli that produce moderate levels of excitation in mechanism 1 (excitation level of 4 in the figure) and then base a decision on the magnitude of the excitation in mechanism 2 produced by these two stimuli. Thus the nonlinear selection model would predict that performance in this condition would be similar to performance in the condition illustrated in the left hand panel and better than in a condition in which all the distractors produced the same excitation in mechanism 1 as the target.
Below we describe experiments of the sort illustrated here. Results from these experiments support the nonlinear selection model rather than the linear summing model. A somewhat different arrangement of distractor chromaticities was employed in experiment 3 in order to test more directly the linear separability hypothesis, which is discussed further below. Results from experiment 3 support the nonlinear selection model over the linear separability hypothesis.
Methods

Equipment
Stimuli were generated on a 17-in. Nanao T2 color monitor driven by a Radius Thundercard in a PowerMac 8500. A Minolta CS-100 chroma meter was used to measure the chromaticities of the phosphors and to generate look-up tables containing the phosphor luminances for each DAC value. The look-up tables were used with another computer program, which searched for the DAC values required to produce a color of desired chromaticity and luminance using a least squared error criterion. This program was used to generate values for the stimuli that were to be used in the experiments and to save them in a text file that could be read by the experimental program.
Stimuli
The stimuli were small disks 0.125°in diameter presented on a uniform white background (subtending 10°· 13.4°of visual angle) that was continuously present during the experiments. In the first two experiments the background field was set to a luminance of 7.46 cd/ m 2 and a chromaticity of L = 0.662, S = 1.04 (x = 0.322, y = 0.344). The disks were presented at locations within an annular region centered on the color monitor. In all experiments 10 stimuli were presented on each trial. Five were presented to the left of the fixation point and five were presented to the right of the fixation point. The stimuli on each side of fixation were separated by approximately 30°of arc with larger 60°gaps between the stimuli nearest a vertical line through the fixation point. The location of each stimulus was randomly jittered from trial to trial so that the x and y coordinates varied by as much as plus or minus 0.375°of visual angle (see Fig. 2 ).
In the first experiment the luminance of the stimuli was fixed at 11 cd/m 2 , a contrast ratio of 0.47. Distractor stimuli varied in L chromaticity and target stimuli differed from distractors in S chromaticity. In the second experiment the S chromaticity of the stimuli was fixed at a value of 2.5. Distractor stimuli varied in luminance and target stimuli differed from distractors in L chromaticity. The chromaticities of the stimuli were chosen in the cone excitation chromaticity diagram described by MacLeod and Boynton (1979) .
Procedures
The color monitor was viewed from a distance of 1.4 m in a dark room with flat black walls and flooring so that little was visible other than the stimuli on the monitor. A chin rest was used to stabilize head position. A spatial two-alternative forced-choice procedure was used in all experiments. A target stimulus appeared among the distractor stimuli on every trial and the observerÕs task was to indicate whether the target appeared to the left or the right of the fixation point. The presentation of a small, dim fixation cross indicated the beginning of a trial. The fixation cross was presented in the center of the annular region in which the stimuli appeared. One second after the onset of the fixation cross, the stimuli were presented. Color table animation was used to present the stimuli for 15 frames or approximately 200 ms. A half second after the offset of the stimuli a cursor and a vertical line dividing the screen in half appeared. The observer was instructed to use a mouse to place the cursor to the left of the line if the target had appeared to the left of the fixation cross or to the right of the line if the target had appeared on the right. The mouse button was then depressed to record the response. The cursor and vertical line were erased and the fixation cross was presented after a short delay to indicate the beginning of the next trial. A tone was used to give feedback when the observer made an error.
Trials were run in blocks of 50. On half of the trials within each block the target stimulus was presented on the left side of the display and on the other half of the trials it was presented on the right side of the display. The location of the target stimulus in the array of 10 stimuli was chosen randomly. Typically five or six blocks of 50 trials were run in succession to obtain a psychometric function. Generally different target colors were selected for each of the blocks of trials in order to span the performance range from 50 to 100 percent correct. It took approximately 30 min to complete the five or six blocks of trials. Observers often collected data for two psychometric functions in one session lasting a little over an hour. Each psychometric function was repeated on a different day. Weibull functions were fit to each set of data in order to estimate the chromaticity difference corresponding to 75% correct and this difference was taken as an estimate of threshold. Threshold estimates from the two different days were averaged to obtain a single estimate of threshold.
Subjects
Five observers including three males and two females participated in the first two experiments. The observers ranged in age from approximately 20 to 30 years. All had normal color vision and normal or corrected to normal visual acuity. All of the observers had at least a moderate amount of practice at the task before the data reported were collected.
Experiment 1
In the first experiment thresholds were measured in the S direction at three different L chromaticities, which were white, desaturated green, and saturated green in appearance. Because the stimuli were always presented at a luminance contrast of 0.47, they were always easily visible against the background regardless of chromaticity. In one condition the distractors were uniform and the target differed from distractors in S chromaticity only. Thresholds in this condition were compared with thresholds in a heterogeneous condition in which the distractors varied in L chromaticity. Distractor chromaticities were spaced at approximately equal intervals along the L axis. Each of nine distractor chromaticities was assigned randomly to one of the distractor locations on each trial. The tenth stimulus shared one of the L chromaticities of the distractors (either white, desaturated green, or saturated green) but differed from this distractor in S chromaticity. The two stimuli that shared an L chromaticity were always presented on opposite sides of the fixation point. The observerÕs task was to indicate whether the stimulus containing the S increment appeared to the left or right of the fixation point on each trial. Fig. 3 shows nine distractor chromaticities plotted in the cone excitation diagram. The arrows indicate the three different L chromaticities at which thresholds were measured in the S direction. A prompt at the beginning of each block of trials indicated to the observer the appearance of the target for that block of trials, the range of variation in the distractors, and the appearance of the most similar distractor in the variable conditions.
Linear summing models predict that thresholds should be lower for the saturated green than for the desaturated green and white stimuli in the variable condition. The prediction is based on the idea that can use sums of L and S signals to guide attention to likely targets when the target produces a large L signal (representing greenness), but such a sum is not useful when the target produces a small L signal (the desaturated green target) or approximately no L signal (the white target). Thus, the hypothesis that we tested was that the threshold for detecting the S increment would be lower for the saturated green target. Thresholds would be higher for the white and desaturated green targets in the variable condition and probably about the same magnitude as in the uniform conditions.
In contrast the nonlinear selection model predicts that if the differences between the L signals from the stimuli are large enough the observer should be able to select or segregate the two stimuli that are most likely to be the target regardless of whether they are saturated green, desaturated green, or white. Thus thresholds for all three targets should be lower in the variable condition than in the uniform condition.
Results
Results from the five observers are shown in Fig. 4 . The S chromaticity difference at threshold is plotted on the ordinate against the L chromaticity of the target stimulus. Different symbol shapes indicate different observers. Filled symbols indicate the variable condition and open symbols indicate the uniform condition. The solid line is drawn through the mean thresholds for the variable condition and the dashed line is drawn through the means for the uniform condition. Thresholds are approximately the same size regardless of the L chromaticity of the target in both conditions, but mean threshold in the variable condition is significantly lower (73%, t = 5.96, p < 0.0001) than in the uniform condition. Thus the hypothesis that thresholds for saturated green targets in the variable condition should be lower than thresholds for the desaturated green and white targets was not confirmed. Therefore the results support the nonlinear selection model over the linear summing model.
Experiment 2
In the second experiment thresholds were measured in the +L chromaticity direction at three different stimulus luminance levels in the uniform conditions. Thresholds obtained in this condition were again compared with those obtained in a variable condition in which the distractors varied in luminance while chromaticity was fixed. Nine different distractor luminances were chosen at approximately equal intervals along the luminance axis. They ranged from slightly above the background luminance to well above the background luminance. Each luminance level was assigned randomly to one of the distractor stimuli in the variable condition. The tenth stimulus was the target and shared the luminance of one of the distractor stimuli but differed from it in L chromaticity. The two stimuli that shared the same luminance were presented on opposite sides of the fixation point. All of the stimuli shared the same S chromaticity (2.50), which differed from the background chromaticity (S = 1.04) so that all of the stimuli appeared distinctly bluish on the white background and were easily visible regardless of luminance level. Fig. 5 shows the luminance of the distractors on the ordinate plotted against L chromaticity on the abscissa. The arrows indicate the three luminance levels at which thresholds were measured. Again a prompt at the beginning of a block of trials indicated the appearance of the target for that block of trials, the range of variation in the distractors, and the appearance of the distractor stimulus most similar to the target. Based on the linear summing hypothesis we expected that thresholds at the highest luminance level would be lower in the variable condition than in the uniform condition, but that thresholds at the other luminance levels would be similar in the uniform and variable conditions. The prediction is based on the idea that observers can sum signals representing luminance contrast with L chromaticity signals and used the summed signals to guide attention to the two stimuli with the largest summed signals. The summed signals would be useful in guiding attention to likely targets when the target is one of the two stimuli with the highest luminance, but not when the target luminance is in the middle of the range of stimulus luminances. According to the nonlinear selection model, if observers can use luminance contrast signals to select a subset of stimuli to be attended, we might expect that thresholds in the variable condition to be lower than in the uniform condition regardless of the luminance contrast level of the target. Fig. 6 shows results from the same five observers who participated in experiment 1. Again different symbol shapes indicate different observers. Open symbols indicate thresholds in the uniform condition and filled symbols indicate thresholds in the variable condition. The dotted line is drawn through the mean thresholds in the uniform condition while the solid line is drawn through the means in the variable condition. Thresholds do appear to vary with stimulus luminance contrast being somewhat higher at the lowest luminance contrast compared to the other two luminance contrast levels. A paired T-test comparing thresholds at the lowest luminance contrast and the highest luminance contrast showed that this difference was statistically significant (t = 3.75, p < 0.01). However mean threshold is significantly lower in the variable condition (79%, t = 3.64, p < 0.01) than in the uniform condition. Thus, results fail to confirm the hypothesis that thresholds in the variable condition should be lower than those in the uniform condition only at the highest luminance level. Results again support the nonlinear selection model over the linear summing model.
Results
Experiment 3
In this experiment a slightly different arrangement of the distractor chromaticities was employed in the variable condition in order to test the linear separability hypothesis. In experiments 1 and 2, targets were always linearly separable from distractors in both the uniform and variable conditions, and the linear separability hypothesis would predict little difference between thresholds in the two conditions. experiment 3 was designed to introduce a difference in the linear separability of targets and distractors in conditions with uniform and variable distractors in order to provide a more direct test of the linear separability hypothesis. Thresholds were measured in the S direction at two different L chromaticities that were saturated green and desaturated green in appearance. Stimuli were again fixed at a luminance contrast of 0.47 as in experiment 1, but the luminance of the white background (L = 0.662, S = 1.04) was set to 5.0 cd/m 2 and the stimulus luminance was fixed at 7.35 cd/m 2 in this experiment. In the uniform conditions the distractors all shared the luminance and L chromaticity of the target and the target differed from distractors only in S chromaticity. In the variable conditions some of the distractors within each display varied in L chromaticity while other distractors varied in S chromaticity but differed from the target stimulus in L chromaticity. The X symbols in Fig. 7 illustrate the nine different distractor chromaticities presented on each trial in the variable conditions. Each of the nine chromaticities was assigned randomly to one of the distractor stimuli. The tenth stimulus, the target, shared the L chromaticity of one of the two distractor stimuli indicated by the vertical arrows but differed from it in S chromaticity. Again a prompt at the beginning of a block of trials indicated the appearance of the target for that block of trials (which was again fixed), the range of variation in the distractors, and the appearance of the most similar distractor stimulus in the variable condition. As in previous experiments the target and the most similar distractor stimulus were always presented on opposite sides of the display. The dashed line in Fig. 7 indicates the prediction of the linear separability model for the condition with variable distractors (Bauer et al., 1996a (Bauer et al., , 1996b (Bauer et al., , 1999 DÕZmura, 1991) . The chromaticity of the target would have to lie above the line while the distractor chromaticities lie below the line in order for a linear mechanism to discriminate the target from distractors. Three observers, MB, TY, and EO participated in the experiment. Since results from the three observers were very similar, mean thresholds are shown in Fig. 7 for clarity.
Results
The open squares in Fig. 7 indicate the mean thresholds measured in the uniform condition and the filled circles indicate the thresholds in the variable condition. Error bars indicate the standard deviation of the mean of the observers. Results in the condition with variable distractors fail to conform to the predictions of the linear separability model. The thresholds measured at the desaturated green L chromaticity (0.634) clearly fall below the dashed line. Results differ somewhat from those in previous experiments. In both earlier experiments thresholds in the variable condition were lower than in the uniform conditions. In this experiment thresholds in the variable conditions were as high as, or higher than, those in the uniform condition. According to the nonlinear selection model, thresholds in the variable condition should be lower than in the uniform condition because fewer signals are attended in the variable condition. One difference between this experiment and experiment 1 was that the range of variation in the L chromaticity of the distractors was less. We hypothesized that perhaps this made it more difficult to select the appropriate stimuli for attention, especially in light of the variation in the S chromaticity of the distractors. Therefore, we repeated the experiment with a range of variation in the L chromaticity of the distractors similar to that used in experiment 1. Otherwise the experiment was identical to the one illustrated in Fig. 7 . The same three observers completed this experiment along with one additional observer, DP, who had not participated in earlier experiments. Since results for different observers were again very similar the mean thresholds are shown in Fig. 8 for clarity.
The distractor chromaticities are indicated by the X symbols in Fig. 8 , and the dashed line again indicates the prediction of the linear separability model for the condition with variable distractors. Open squares again indicate thresholds in the uniform conditions and filled circles indicate thresholds in the variable conditions. Error bars again show standard deviations of the mean across observers. Results again fail to conform precisely to the predictions of the linear separability model but they also do not conform to the predictions of the nonlinear selection model. Thresholds in the variable condition are similar to those in the uniform condition.
Discussion
Results from the uniform conditions in experiment 1 agree with a large body of earlier work suggesting that the cardinal color opponent directions in color space represent independent color-coding mechanisms. That is, thresholds measured in one cardinal direction are approximately independent of the excitation in the other cardinal mechanism. Results from experiment 2 showed that threshold chromaticity differences measured in the L cardinal direction vary somewhat with luminance level, or luminance contrast. Previous experiments indicate that the chromaticity difference required for a simple discrimination threshold declines somewhat with increasing luminance level or luminance contrast (e.g., Boynton & Kambe, 1980; Brown & MacAdam, 1949) so the fact that thresholds for detecting a target vary with luminance level in a search task does not seem surprising. Results from the variable conditions in both experiments are consistent with earlier work in suggesting that observers can combine information in different cardinal mechanisms to facilitate search. Mean thresholds in the variable conditions are approximately 76% of those measured in the uniform conditions across the two experiments. This difference is consistent with a signal detection model (Palmer et al., 1993; Palmer, 1994; Palmer, Verghese, & Pavel, 2000) which predicts that reducing the number of signals considered in the decision process from 10 to 2 should reduce threshold. The mean slope of the psychometric functions fit to the data in the variable conditions was shallower than in the uniform conditions. The mean slope across experiments 1 and 2 is reduced by factor of 0.83, which is approximately the same change in slope that we have observed in other experiments when the number of stimuli presented in uniform conditions is actually reduced from 10 to 2. The change in the slope of the psychometric functions is also consistent with the notion that observers were attending to fewer signals in the variable conditions than in the uniform conditions.
Our earlier experiments (Nagy & Thomas, 2003) were conducted with a yes-no procedure while the experiments reported here were conducted with a forcedchoice procedure. Since the forced-choice procedure is a criterion-free procedure (Gescheider, 1997) , the new experiments confirm that the facilitation of search in the variable conditions is not due to a shift in criterion but to a combination of information in different mechanisms. The comparison of thresholds measured at different locations along a cardinal axis in the variable conditions of experiments 1 and 2 is not consistent with the linear summing model but is consistent with a nonlinear selection model in which the observer selects stimuli for attention on the basis of signals in one cardinal mechanism and then makes a decision about target location on the basis of the signals in another cardinal mechanism from the selected stimuli.
Our results suggest that signals in cardinal color mechanisms may be used to select or segregate stimuli to be attended. Previous studies, cited in the introduction, have suggested that at least under some conditions color signals may be used to select or segregate relevant stimuli for attention in a search task. Other investigators have suggested that some spatial features, such as depth or shape from shading (DÕZmura et al., 1997; Nakayama & Silverman, 1986) , may also be used to segregate a subset of stimuli, which are then examined on another feature dimension, from a field containing many other stimuli. Thus segregation appears to be a nonlinear mechanism by which information in different feature coding mechanisms can be combined to facilitate performance in search tasks. Observers in our studies reported that it was almost as if the two cued stimuli popped out among the irrelevant stimuli in experiments 1 and 2 and that it was easy to direct attention to the two stimuli that were the most likely to be the target stimulus. Bauer et al. (1996a) reported that observers could detect a single target stimulus whose chromaticity fell on a straight line connecting the chromaticities of two different types of distractor stimuli in a chromaticity diagram (that is targets that were not linearly separable from distractors). However, searches for such targets were typically more difficult than searches for linearly separable targets and response times increased with stimulus set size. Response times for targets that were not linearly separable were independent of stimulus set size only when the differences between the target chromaticity and the distractor chromaticities were large.
The results from experiment 3 support the nonlinear selection model over the linear separability hypothesis. The similarity of the thresholds measured at different locations along the L cardinal axis in the variable condition is inconsistent with the linear separability hypothesis (Bauer et al., 1996a (Bauer et al., , 1996b (Bauer et al., , 1999 DÕZmura, 1991) . However, thresholds in the variable condition were either slightly larger than those in the uniform condition or approximately the same magnitude regardless of the magnitude of the variation in the distractors. This result differs from results in experiments 1 and 2 in which thresholds in the variable condition were consistently lower than in the uniform condition. On the basis of the nonlinear selection model, we might expect that thresholds in the variable condition should be lower than those in the uniform condition because the observer should be able to select a small subset of stimuli for attention. The similarity of thresholds in the uniform and variable conditions of experiment 3 is therefore not entirely consistent with the nonlinear selection model. We offer two hypotheses, one sensory and one attentional, regarding this result. The sensory hypothesis is that the presence of distractor stimuli that vary in S excitation alters the sensitivity or gain of the S cardinal mechanism and thus increases thresholds measured in the S direction even though the signals from these stimuli are not attended to. Contrast gain changes in colorcoding mechanisms have been demonstrated in several recent experiments (e.g., DÕZmura & Singer, 1999) . The attentional hypothesis suggests that the presence of variation in S signals from distractors in the display makes it more difficult to attend to the S signals from the selected stimuli because there are large S signals generated by some of the distractors in the display. That is the large S signals from some of the distractors may capture attention when the observer attempts to attend to S signals from the selected stimuli (for a review of literature on the capture of attention and contingent capture of attention, see Yantis (1998) ). This difficulty might result in somewhat elevated thresholds in the variable condition even though the decision about target location is based on signals from only a few stimuli, perhaps only two. We plan to devise experiments to test these two hypotheses in the future.
In conclusion, it should be noted that the three different models discussed above were based largely on more typical visual search experiments using response time measures and larger numbers of stimuli presented in more crowded displays. Whether the nonlinear selection model would provide a good description of the results with a response time measure and more crowded stimulus displays is an open question. In fact the results of the experiments reported here differ considerably from earlier studies of color search from our lab using response time measures and more crowded displays with a larger number of stimuli (Nagy, 1999; Nagy & Winterbottom, 2000) . These earlier studies showed that distractor heterogeneity along one cardinal axis either had no effect on search for a target that differed along a different cardinal axis or a negative effect on the search performance (increase in response time). It seems likely that different models of processing may hold in different situations and the differences between results reported here and results of earlier experiments may be due to the differences in task demands and viewing conditions.
